[1] The Dead Sea Transform is a major strike-slip fault bounding the Arabia plate and the Sinai subplate. On the basis of two GPS campaign measurements, 6 years apart, at 17 sites distributed in Israel and Jordan, complemented by Israeli permanent stations, we compute the present-day deformation across the southern segment of the Dead Sea Transform, the Wadi Araba fault. Elastic locked-fault modeling of fault-parallel velocities provides a slip rate of 4.9 ± 1.4 mm/a and a best fit locking depth of $12 km. This slip rate is slightly higher than previous results based only on Israeli permanent GPS stations data, which are located west of the fault. It is in good agreement with results based on offset geomorphologic and geologic features that average longer periods of time (10 ka to 1 Ma). Projection in ITRF2000 reference frame allows using our data, combined with results published earlier, to further study the kinematics between Arabia, Nubia, and Sinai. Systematic combination of Euler poles available in the literature, in addition to our new set of data, shows that a wide range of Arabia-Sinai pole positions and angular velocities predict reasonable slip rate on the Dead Sea fault. We highlight uncertainties of calculating such poles due to the small size of the blocks and their slow relative motion along a short and almost straight strand of the transform fault, which lead to a large trade-off between pole location and angular velocity.
Introduction
[2] The Dead Sea Transform (DST), also known as the Levant fault system, accommodates the northward motion of Arabia, on the east, relative to the Sinai subplate on the west (Figure 1 ). This left-lateral strike-slip fault, about 1000 km long, connects the Red Sea mid-oceanic ridge to the south to the continental collision zone of Caucasus to the north, where the DST joins with the East Anatolian fault. Other boundaries of the Sinai subplate remain poorly known, although the Gulf of Suez exhibits little deformation and continuous seismic activity, attesting to the existence of a tectonic boundary with Nubia there [Garfunkel and Bartov, 1977; Bosworth and Taviani, 1996; Salamon et al., 1996 Salamon et al., , 2003 Mahmoud et al., 2005; Riguzzi et al., 2006] .
[3] On the basis of geologic observations, 105 km of leftlateral motion in total has been documented along the southern part of the fault, south of Dead Sea, since the fault initiated 15 to 20 Ma ago [Quennell, 1958; Freund et al., 1968 Freund et al., , 1970 Garfunkel, 1981; Courtillot et al., 1987] . However, the rate at which the fault accommodates horizontal displacement is still a matter of debate, as published values vary between 2 and 10 mm/a (Table 1) . Although knowledge on historical and archeological seismic history is among the best in the world [Ambraseys et al., 1994; Ellenblum et al., 1998; Meghraoui et al., 2003; Guidoboni et al., 1994 Guidoboni et al., , 2004 Marco et al., 2005; Daëron et al., 2005 Daëron et al., , 2007 Agnon et al., 2006; Elias et al., 2007] , direct and conclusive long-baseline geodetic measurement of the slip rate has not been published.
[4] Until recently, the present-day deformation across the DST remained poorly constrained. Starting in 1996, permanent GPS stations have been progressively installed in Israel, that allow to estimate the slip rate from short GPS profiles across the southern part of the fault [e.g., Wdowinski et al., 2004] and to include the Sinai subplate in regional plate motion models [e.g., Reilinger et al., 2006] . This network, however, includes only two stations east of the fault and thus the GPS profiles do not account for the entire plate boundary deformation.
[5] In this study we provide a direct measurement of the current slip rate along the DST based on three dense campaign-style GPS profiles across the southern part of the fault, the Wadi Araba fault (Figure 1 ). Profile locations have been chosen to take advantage of the simple linear geometry of the plate boundary [Garfunkel, 1981] (Figure 1 ) and of the possibility to anchor benchmarks far enough from the fault, in the nondeforming part of the tectonic plate, on both sides of the fault. An elastic locked fault model [Savage and Burford, 1973] is used to interpret the observed deformation in term of slip rate along the DST. Secondarily, we use a combination of our data and published GPS results for the Arabia plate to compute Euler vectors of the Arabia and Sinai blocks in ITRF2000 and to further investigate the relative motion between Arabia, Sinai, and Nubia plates. Varying results associated to large uncertainties are discussed in relation to geometry and relative motion of the tectonic blocks.
Data Acquisition and Processing
[6] A GPS network of 17 sites was installed and surveyed twice, in October 1999 and March 2005. It is distributed along three profiles perpendicular to the Wadi Araba fault (Figure 1b) . Benchmarks consist of 10-cm steel nails strongly glued in holes drilled in bedrock. Dual-frequency Ashtech Z12 and ZX receivers and Ashtech choke ring antennas were used during both campaigns. The sites have been occupied for 48 to 72 h with a sampling interval of 30 s during each campaign, except sites MAP0 and QUL0 (Figure 1b ) that were occupied continuously during both campaigns and site BUR0, measured only 8 h in 1999. A rolling network of six receivers was operating simultaneously at any time during the campaign, in addition to the Israeli permanent stations, insuring that station positions could be determined through several short baselines. Data of 20 to 30 permanent stations (Table 2 ) from the Israeli network (GIL) and the International GPS Service (IGS), located around the study area, were also included to complement our network and to link the campaign data to a global reference system. In addition to regular processing, calculations spanning 6 to 8 days were also run for permanent stations at epochs 2002.11, 2004.47, and 2006.32, in order to better constrain their velocities and to include new sites as the Israeli network evolves. Epochs have been chosen to optimize the number of Israeli stations and of key regional IGS stations (such as BAHR, for example) available and Daëron et al. [2004] and Elias et al. [2007] . EAFS, East Anatolian fault system; CF, Carmel fault; JVF, Jordan Valley fault; YF, Yammouneh fault; SF, Serghaya fault; MF, Missyaf fault. Box shows location of Figure 5 . We locate on both figures some GPS data included in our study: diamonds stand for IGS sites, circles for campaign sites (gray circles are sites MAP0 and QUL0, observed permanently during each campaign), triangles for Israeli permanent stations and stars for data published by Vigny et al. [2006] . providing good quality data. When possible, we also favored epochs close to the period of the year we did our measurements in order to minimize possible impact of seasonal effects on our data.
[7] We analyzed the phase observations using the GAMIT/GLOBK software package [Herring, 1999; King and Bock, 2000] . In the first step, LC observables (i.e., dual frequency) were computed using precise orbits calculated by IGS [Beutler et al., 1993] and fixing ambiguities to integer values for baselines shorter than 500 km. Seven tropospheric delay parameters per day were estimated, and IGS tables were used to model antenna phase center variations. This step resulted in precise baseline components and estimates of positions for each day. To assess the quality of the processing, we plot the baseline components repeatability to represent the scattering of daily solutions around their mean value. Figure 2 shows that for 100-km-long baselines, typical of our network, the mean scattering of the results is about 1 mm for the north component and about 2 mm for the east component, both in 1999 and 2005. Figure 2 also provides maximum values of the weighted root-mean-square deviation (WRMS) for the longest baselines of our network. They reach about 4 and 7 mm for the north and east components, respectively.
[8] Next, using GLOBK, we combined our loosely constrained daily GAMIT solutions with daily data processed by SOPAC (http://sopac.ucsd.edu/dataArchive), which include more than 100 stations located all over the world, using a six-parameter Helmert transformation (rotation and translation). This resulted in a global-scale network of precise baselines for each campaign. To assess the quality of the processing at this step, we estimated station positions for each day and for each campaign, by fitting, in the least square sense, the positions of 25 stations from the International Terrestrial Reference Frame 2000 (ITRF2000) database [Altamimi et al., 2002] listed in Table 3 . Daily and long-term position time series (see examples in Figure 3 ) were examined at that step to detect outliers. In order to obtain accurate positions and velocities, the baseline solutions of each period were then combined together and projected into ITRF2000 by adjusting both positions and velocities of 25 fiducial stations to their ITRF2000 value. Position and velocity misfits relative to ITRF2000 are 7.4 mm and 1.3 mm/a, respectively, indicating that the velocity field is properly projected into ITRF2000 reference frame (see Vigny et al. [2006] and Vernant et al. [2004] for comparison). Table 3 summarizes position and velocity in 
Cross stands for stations included, dash stands for stations not included. Bold indicates stations from the Israeli network. RAMO, located in southern Israel, is an IGS station. ITRF2000 for all stations considered in this study. Several permanent stations (AREL, CSAR, DAKA, HALY, NRIF, NSSP, SOLA, SLOM) had to be discarded because of low measurement repeatability or apparent position instability.
[9] GPS processing software are known to underestimate calculated uncertainties (<0.5 mm/a) [e.g., Feigl et al., 1993; Langbein and Johnson, 1997; Williams et al., 2004; Reilinger et al., 2006; Vigny et al., 2006] . When processing continuous GPS data, appropriate models of noise can be applied, which is not possible for campaign data processing. The baselines repeatability provides an estimate of the uncertainty on relative positions for each campaign (Figure 2 ). Hence, we estimate the uncertainty on the relative velocities, which also depends on the time between successive measurements. For our campaign sites, maximum velocity uncertainty would be 0.8 and 1.6 mm/a for the north and east component, respectively. To reach these more realistic uncertainties on the velocities, we added random walk Markov noise (imaging the monument instability) of amplitude 2 mm/ p a when combining daily solutions with GLOBK, as commonly done when processing campaign-style GPS data (see references above). We obtain uncertainties of about 1 mm/a for the campaign sites (Table 3) . Slightly smaller uncertainties are obtained for permanent stations as we determined up to five solutions within 6.5 years. When the time interval between the measurements is only 2 years, the error bars are larger, 1.3 to 1.8 mm/a (e.g., sites JSLM and LHAV). Because the two campaigns occurred at the end of October and at midMarch, our data may be affected by seasonal variations, recorded by long-term time series of continuous stations [e.g., Wdowinski et al., 2004 ; SOPAC, http://sopac.ucsd. edu/cgi-bin/refinedJavaTimeSeries.cgi]. Between the two epochs considered in this study, the amplitude of such variations has negligible effect on the velocity.
[10] Although the velocities determined at the campaign sites are based only on two measurements, uncertainties appear to be low, largely due to the fact that the time interval between the two campaigns is 5.6 years. These results remain, however, very sensitive to the accuracy of the measurements in 1999 and 2005 and should be interpreted carefully. We further discuss this issue in section 3. [11] In order to study the relative motion between Arabia and Sinai, we choose to represent our data relative to stable Arabia, rather than stable Sinai, because rigid rotation of Arabia is better defined (Table 4, section 5). We considered the Arabia-fixed reference frame obtained by subtracting the rotation of Arabia from the velocity field, in ITRF2000, newly computed from our measurements. The only stations considered in stable Arabia, JFR0 (located in Jordan, 90 km east of the DST) and BAHR (Bahrain) (Figure 1a ), provide too limited data to determine accurately the parameters of the rigid rotation for the Arabian plate. They were complemented by other GPS data acquired in southern Arabia by Vigny et al. [2006] (Figure 1a) , the only abundant data set in ITRF2000 available in the literature. Given the different processing strategies of the two teams, we paid Because of limited size of the matrices, GAMIT processing for the 2005 data set had to be separated in two parts that share a large number of common stations, both local and regional. Vertical axis represents the scattering of daily solutions around their mean value. Curve shows average dispersal. Numbers in gray rectangle are average dispersal for the 100-km-long baselines, representative of our campaign network. The repeatability values suggest good quality of the data and of the processing. We also indicate the maximum scattering for the longest baselines between local stations, 400 km. special attention to the consistency between the different ITRF2000 realizations. Hence, the misfit between the 14 common fiducial stations used in both studies (see Table 3 of this study and Table 2 of Vigny et al.
[ 2006]) is 1.6 mm/a, with especially good agreement at BAHR (residue of 0.1 mm/a), demonstrating that merging the two data sets is meaningful.
[12] Finally, seven stations were used to determine the rigid rotation of Arabia: BAHR, JFR0, and five stations from Vigny et al. [2006] , located in Oman (MUSC) and Yemen (DHAM, HODD, JNAR, and SANA). These stations are distributed according to a very appropriate geometry as they define a triangle at the scale of the whole plate ( Figure 1 ). The location of JFR0, closer to the pole of rotation compared to other stations, strongly constrains the definition of the pole. Because the four Yemeni stations all lie close to each other, at the southern tip of Yemen, they were weighted half the normal value to avoid possible bias during the inversion process. Station KHAS, located onshore Hormuz Strait and part of Vigny et al.'s [2006] data set, was discarded due to its proximity to the ZagrosMakran transition zone [e.g., Berberian and King, 1981; Byrne et al., 1992; Vernant et al., 2004; Regard et al., 2005] . Hence, the Euler vector for the Arabia plate with respect to ITRF2000 (Table 4) (Table 4) to take into account the new data at JFR0: the rotation is slightly faster with the pole located accordingly more to the east. This Euler vector, however, differs significantly from the Euler vector proposed by Sella et (Table 4) , as only three stations were available at that time: KATZ (Golan Heights, Israel), BAHR (Bahrain) and Satellite Laser Ranging station 7832 (Riyadh). Also, KATZ is located too close to the DST ( Figure 5 ) to represent stable Arabia, and BAHR and station 7832 are located less than 500 km from each other, so that this pair defines a poor geometry to constrain the rigid rotation of the block. Implications of the different poles for the regional kinematics are discussed in section 5.
Horizontal Velocity Field
[13] To analyze the horizontal velocity field, the rotation of Arabia relative to ITRF2000 was removed from the data (Table 3) . Station RAMO was then used as a fixed reference point by simply subtracting its velocity from all the velocity vectors ( Figure 5 ). This configuration gives ways to study internal deformation within Israel and shows that at the scale of a few hundred kilometers no significant rotation of Sinai is detectable.
[14] The general pattern shows velocity vectors oriented roughly parallel to the fault with amplitude increasing eastward ( Figure 5 ). Because RAMO is fixed, velocities west of the fault are small, in the range of uncertainties. Eastward, velocities increase up to $5 mm/a at JFR0, the farthest point to the east. [15] Two vectors are not consistent with this pattern at BUR0 and JEM0. Site BUR0, located about 15 km from the fault, shows a slip that is higher than the easternmost site JFR0. Station BUR0 was measured 8 h only in 1999, which might be too short to get a reliable position and is statistically weak. In addition, the long-term stability of the BUR0 benchmark is questionable. Site JEM0 moves along the fault strike as fast as JFR0, while it is located only few kilometers from the fault. At this site, the benchmark was destroyed between the two campaigns, and it needed to be reinstalled. Although we suspect that the anomalous observations at BUR0 and JEM0 are due to data acquisition problems, we cannot rule out that it is related to transient deformation during the earthquake cycle or to creeping on the fault [e.g., Bü rgmann et al., 2000; Pollitz, 2001; Johnson and Segall, 2004] . This is discussed in more detail in section 3.4.
[16] In addition to the general strike-slip motion, sites ELAT, TIM0, MNH0, and TAM0, located west of the fault on the edge of the Araba Valley, show a small coherent component of slip of about 1.5 mm/a eastward. Although this pattern may not be significant compared to uncertainties (Figure 6e ), we suggest that this deformation could be due to normal motion related to the faults bordering the valley [Garfunkel, 1981; Kesten et al., 2007; Hofstetter et al., 2007] . Note, however, that the fault-perpendicular components of the velocity field (Figure 6e) show that the displacement is limited to the near-fault field, not attesting to any plate divergence.
[17] North of the Dead Sea basin, we rely on Israeli permanent stations to survey the deformation. Sites located close to the Jordan Valley fault (GILB, KATZ) reflect elastic loading, as in the south. Other tectonic features in the area are the Carmel fault (CF) and the Lower Galilee extension zone, well expressed in the topography between sites BSHM and GILB and Lake Tiberias ( Figure 5 ). Although data are sparse, our GPS observations do not show significant relative motion in this area, in agreement with Wdowinski et al. [2004] based on a similar data set. Normal and left-lateral motion is reported on CF from geomorphology and geological data [DeSitter, 1962; Arad, 1965; Freund, 1970; Ron et al., 1984; Ben-Gai and Ben-Avraham, 1995; Gluck, 2002; Matmon et al., 2003; Rotstein et al., 2004] , as well as fault plane solutions [Hofstetter et al., , 2007 Salamon et al., 1996] (Figure 5 ), suggesting that it is still active today. According to geological observations [DeSitter, 1962; Arad, 1965; Freund, 1970] and timing of the deformation [Matmon et al., 2003] , left-lateral slip rate would be about 0.2 -1.3 mm/a, which is indeed hardly detectable using GPS. It suggests that motion accommodated on CF is at most in the order of the error bars, namely, 1 mm/a.
Postseismic Deformation due to Past Earthquakes
[18] According to historical seismicity and paleoseismological investigations [e.g., Abou Karaki, 1987; Ambraseys et al., 1994; Amiran et al., 1994; Guidoboni et al., 1994; Klinger et al., 2000b; Zilberman et al., 2005] , the last magnitude > 7 earthquake occurred in the southern Araba Valley in A.D. 1068. Magnitude 6.5 -7 events are reported also in A.D. 1212, A.D. 1293, and A.D. 1458 that could be tentatively located between the Gulf of Aqaba and the Dead Sea. All these events were identified as breccia layers in Dead Sea sediment cores [Agnon et al., 2006] , corroborating the historical evidence.
[19] Since the beginning of instrumental seismology, the Araba Valley experienced only one large earthquake, the M w 7.3 earthquake in the Gulf of Aqaba ( Figure 5 ). This event occurred on 22 November 1995, 4 years before our first campaign (October 1999) . Modeling of seismological data and interferometric synthetic aperture radar (InSAR) data [Klinger et al., 1999 [Klinger et al., , 2000c Baer et al., 1999; Shamir et al., 2003] suggests that the rupture stopped about 25 to 40 km south of ELAT, the nearest station included in our study. No local GPS data from that time are available, but InSAR data covering the period of a week to 5 years after the earthquake show deformation very localized and restricted to fault steps along the Wadi Araba [Sarti et al., 2003; Finzi, 2005] . It is not yet clear whether this deformation is related to the postseismic stage of the 1995 earthquake. Postseismic deformation studies for other M w 7 -7.5 strike-slip earthquakes have recognized that if some postseismic deformation can be identified, it is usually localized in the vicinity of the rupture (10 to 20 km of the main rupture) and limited in time from few months to about 3 years [Peltzer et al., 1998; Ergintav et al., 2002; Jacobs et al., 2002; Savage et al., 2003] . We therefore believe that our GPS data is not biased by any postseismic deformation due to former seismic activity along the southern segments of the DST, as supported by linear time series at sites ELAT and RAMO (Figure 3 ).
Slip Rate Estimates From Elastic Modeling of Fault-Parallel Velocities
[20] At first order, the observed velocity field ( Figure 5 ) seems in good agreement with elastic loading on a locked dislocation that accommodates pure left-lateral shear at depth [e.g., Savage and Burford, 1973] .
[21] Estimate of the slip rate was achieved by fitting our GPS data to a locked fault model consisting of an elastic seismogenic layer of thickness D (also called locking depth) overlying two blocks sliding horizontally relative to each other at velocity V along an infinitely long dislocation [Savage and Burford, 1973] . Equation (1) describes the theoretical velocity field observed at the surface, as a function of the distance x from the dislocation (i.e., the fault):
where the coefficient a defines the vertical origin of the curve. Parameter V controls the amplitude of the arctangent whereas its curvature is proportional to 1/D. A nonlinear least squares procedure that does not take into account error bars on the data was used to derive parameters a, V, and D and their 2-sigma uncertainties. Weight has been applied inversely proportional to uncertainties for each data point, and sites JEM0 and BUR0 have been discarded from best fit computations (see discussion in section 3.2). North of the Dead Sea basin, the lack of stations located far from the fault to the east does not allow us to bring significant constraints on the slip rate. Our investigation is therefore limited only to the data acquired south of the Dead Sea. This limitation actually minimizes biases caused by fault geometrical complexities as the fault south of the Dead Sea is characterized by a single-strand linear geometry ( Figure 5 ).
[22] Figure 6a shows fault-parallel velocities projected along azimuth N16, as a function of distance from the fault and the best fit curve with 95% confidence envelope, for all sites south of the Dead Sea. The slip rate we derived from this data set is 4.9 ± 1.4 mm/a, well constrained by points located on both sides of the fault, as far as 70 km to the west and 90 km to the east. Best fit locking depth is 11.5 km with a large uncertainty of 10.2 km; this preferred value, however, is in agreement with previous results based on GPS profiles along the DST, in Israel [Wdowinski et al., 2004] and in Lebanon [Gomez et al., 2007] . It is also consistent with the observed nucleation depths of earthquakes for continental strike-slip faults [Magistrale, 2002] , and especially those reported on the DST [Aldersons et al., 2003; Shamir et al., 2005 ; http://www.gii.co.il]. In our model the position of the dislocation is not free, but fixed to the location of the fault as observed in the field and from geophysics [e.g., Garfunkel, 1981; ten Brink et al., 1999; Haberland et al., 2003] . Match between the modeled dislocation and fault trace is supported by the high quality of the fit to the data.
[23] In the second step, individual fits were computed for each profile (Figures 6b, 6c, and 6d ). As the data can be too sparse to sample far field motion, we also test an alternative fitting strategy, fixing V to the value previously found, to invert only for parameters a and locking depth D, in order to detect possible variations of D along the fault.
[24] For the northern profile, the far field is constrained only by LHAV for which the uncertainty is large. The threeparameter inversion provides a slip rate of 5.0 ± 3.9 mm/a (Figure 6b ). Although uncertainty is large, consistency between the result derived only from this subset of data and the entire data set demonstrates the stability of the slip rate we obtained. Fixing V to the value derived from the full data set, the best fit locking depth is 4.7 ± 7.1 km. The deepest value within this 95% confidence interval, 11.8 km, is still not in agreement with seismological observations of Aldersons et al. [2003] in the Dead Sea basin area: for the period 1984-1997, 60% of microearthquakes occurred at depths of 20 to 32 km, suggesting a brittle rheology down to the lower crust. Some creep below $10 km depth could reconcile these observations; however, we argue that distribution of the GPS sites does not constrain very well the curvature of the model near the fault.
[25] For the central profile, V free and V fixed inversion schemes were also tested (Figure 6c ). In both cases the quality of the fit is good. Best fit locking depths are 9.0 ± 15.5 km and 13.0 ± 9.9 km, respectively, if V is kept free or fixed. In the latter case, best fit slip rate is 4.4 ± 1.9 mm/a, which is consistent with our first result of 4.9 ± 1.4 mm/a.
[26] For the southern profile (Figure 6d ), no data is available to constrain the far field and V free inversion would be meaningless. If V is fixed, inversion yields a locking depth of 17.0 ± 4.9 km, which is consistent with the depth of 1995 Aqaba earthquake hypocenter (10 -18 km [Dziewonski et al., 1997; Hofstetter et al., 2003] ).
[27] As mentioned earlier, although we suspect our results at BUR0 and JEM0 to be due to acquisition problems, alternative explanations were tested. It is worth noting that for BUR0 and JEM0, if one considers uncertainties, they both fall in the 95% confidence envelope of our preferred model (Figure 6a ) showing that they are still consistent with the model. In the case of BUR0, similar anomalous signal has been observed that was related to transient deformation following an earthquake as predicted by viscoelastic models [e.g., Pollitz, 2001; Meade and Hager, 2005] . However, as no large earthquake occurred on this fault segment recently, we find no justification in introducing such more elaborate models to explain the data at BUR0. In the case of JEM0, because it is closer to the Aqaba earthquake area and because some possible creep has been reported in this area [Finzi, 2005] , we tried to introduce some creep component in our model. Adding to equation (1) a term that takes into account slip along the locked part of the dislocation, both with parameters a, V, and D free or kept fixed, remained unsuccessful to explain the observation at JEM0. Thus, the motion observed at JEM0 is most likely due to the benchmark reinstallation issue.
[28] In summary, elastic locked fault modeling of 17 faultparallel velocities located south of the Dead Sea basin yields a well constrained slip rate of 4.9 ± 1.4 mm/a. Constraining the locking depth precisely has been harder to achieve, probably because the velocity gradient around the fault is too close to the error bars. Best fit locking depth is about 12 km, which is consistent with other dislocation models discussed in the literature [e.g., McClusky et al., 2003; Wdowinski et al., 2004; Socquet et al., 2006; Gomez et al., 2007] and with nucleation depth of earthquakes on the DST [Aldersons et al., 2003; Shamir et al., 2005] as well as on other continental strike-slip faults [Magistrale, 2002] . Uncertainty on D for individual profiles, however, makes any further discussion about possible variations of locking depth along strike quite speculative.
[29] Although one should keep in mind that most data used here to compute the velocity field and to derive the slip rate are based only on two GPS campaign measurements, the consistency between the 17 individual vectors is worth noting. Such internal consistency of data indicates the robustness of our result and is unlikely to be coincident. Further measurements that will, hopefully, provide tests to our interpretation should be carried out in the next years.
Discussion of the GPS Results With Previous Slip Rate Estimates
[30] Earlier attempts have been made to measure the present-day slip rate using GPS, along the southern part of the DST. However, the small number of permanent GPS stations in that region and the lack of data east of the DST were a major limitation. Pe'eri et al. [2002] , using $3 years of continuous data acquired by the first three stations of the GIL network, ELAT, TELA, and KATZ, yielded a preliminary slip rate of 2.6 ± 1.1 mm/a. Combining a set of 10 stations located south of Lebanon, Wdowinski et al. [2004] provided a slip rate of 3.7 ± 0.4 mm/a. Distinction between north and south of the Carmel fault led to 4.2 ± 1.1 mm/a and 2.9 ± 1.1 mm/a, respectively. Unfortunately, these two studies were unable to provide good constraint for the far field motion to the east of the DST as the easternmost station was KATZ, located only a few kilometers from the fault ( Figure 5 ). Hence, it is likely that they only sample part of the total motion across the DST. The best constrained 1-sigma intervals of Wdowinski et al. [2004] (3.3 -4.1 mm/a and 3.1-5.3 mm/a when considering the northern sites) are in agreement with the lower part of our 2-sigma interval of 3.5-6.3 mm/a.
[31] Several studies investigated the slip rate along the Wadi Araba and Jordan Valley faults for longer time scales. Marco et al. [2005] estimated a minimum slip rate of 3 mm/a during the last 5 ka from offset buried channels along the northern shore of Lake Tiberias. South of Dead Sea, offset alluvial terraces and alluvial fan provided minimum slip rates of 4.5 ± 1.5 mm/a since the Pleistocene [Klinger et al., 2000a; Niemi et al., 2001] and 5.25 ± 2.25 mm/a since the Pliocene [Ginat et al., 1998 ]. Reconstruction of initial geometries for geologic formations of Early Pliocene to Late Miocene yielded slip rates in the range of 3 to 7 mm/a [Freund et al., 1968 Garfunkel, 1981; Garfunkel and Ben-Avraham, 2001] . Recently, Makovsky et al. [2008] measured 2 -4 mm/a slip rate from an offset Holocene coral terrace at the western strand of the Gulf of Aqaba, where additional slip is likely partitioned to the eastern gulf.
[32] Farther north, recent works have brought new estimates of the slip rate along the restraining bend in Lebanon and along the strike-slip segment in Syria. From geological observations in Lebanon, the total left-lateral motion across the Yammouneh fault and the Serghaya fault has been estimated at 6.5 ± 1.5 mm/a during the Holocene [Gomez et al., 2003; Daëron et al., 2004] . Ninety-kilometer-long baseline GPS data across the Lebanese range yielded a lower rate closer to 4.5 mm/a [Gomez et al., 2007] . In addition to the strike-slip component, thrusting across the Lebanese range, estimated in the order of 1 to 3 mm/a [Daëron et al., 2004; Elias, 2006; Elias et al., 2007] , should also be considered.
[33] Along the Missyaf fault in Syria, left-lateral offset accumulated by the last three earthquakes since 2 ka provided an average slip rate of 6.9 ± 0.1 mm/a ]. This value is higher than most observations to the south and slightly higher than the slip in Lebanon. Following M. Meghraoui and colleagues, we argue that slip rate averaged during 2 ka is very dependent of the earthquake cycle that they determined to be about 830 years along Missyaf fault.
[34] From these different observations, it seems that the new GPS results for the DST south of Lebanon agree reasonably well with the geological observations at different time scales for the same area, converging to a slip rate in the order of 5 ± 2 mm/a. It is worth noting that this area has not been affected by any large earthquake since A.D. 1068. In the northern part of the DST, the situation is different and some discrepancy, although not too large, exists between the long-term and the present-day slip rates. In these regions, the fault has been activated by large earthquakes more recently [Gomez et al., 2003; Meghraoui et al., 2003; Daëron et al., 2005 Daëron et al., , 2007 Akyuz et al., 2006] , which may affect short-term measurements and bring some difficulties in direct comparison between slip rates at different time scales [Perfettini and Avouac, 2004; Chéry and Vernant, 2006] , especially in the Lebanese range where the fault system is complex with partitioning of motion between strike-slip and thrusting [Tapponnier et al., 2001; Elias, 2006; Elias et al., 2007] .
[35] Because of the lack of data constraining the motion of the Sinai subplate until very recently, regional kinematic models usually ignored the Gulf of Suez and only considered the relative motion between Arabia and Nubia. As a direct consequence the motion along the DST has usually been overestimated by at least 1 mm/a [Garfunkel and Bartov, 1977; Bosworth and Taviani, 1996; Mahmoud et al., 2005; Riguzzi et al., 2006] . Typically, determination of slip rate based on the analyses of 45 spreading rates from the Red Sea since 3.2 Ma, but ignoring a component of opening across the Gulf of Suez, led to the value of 8.3 ± 2.9 mm/a on the southern DST since the Pliocene [Chu and Gordon, 1998 ], which barely overlaps values discussed above, based on direct measurements along the southern DST.
[36] To overcome this limitation, Joffe and Garfunkel [1987] included Sinai in a model that was mostly constrained by spreading rates from the central Red Sea and fault azimuths of DST south of Lebanon from Garfunkel et al. [1981] . They obtained a left-lateral slip rate of 6 mm/a along the southern DST and 1.5 mm/a of opening across the southern part of the Gulf of Suez. However, they predicted significantly lower opening across the northern Red Sea than the spreading rates published more recently by Chu and Gordon [1998] meaning that the predicted motion accommodated by the DST and the Gulf of Suez has probably been underestimated.
[37] The first global plate motion model based on geodetic data that includes the Arabia plate is REVEL [Sella et al., 2002] . As discussed in section 3.1, rotation parameters in ITRF for Arabia plate were poorly constrained and the Arabia-Nubia Euler vector from REVEL predicted a rate of 4 mm/a along the DST, which is slightly lower than our direct measurement across the fault. Addition of recent GPS data at a regional scale, in Arabia peninsula, Sinai, Anatolia, Iran, and Africa has greatly improved the determination of the Euler vector for Arabia-Nubia. McClusky et al. [2003] and Vigny et al. [2006] predicted slip rate of 5.9 ± 2 mm/a and 7.4 ± 1 mm/a, respectively, along southern DST, ignoring Sinai. Recent models including the Gulf of Suez and the Sinai as a subplate led to a slip rate of 4.4 ± 0.3 mm/a along the southern DST [Mahmoud et al., 2005; Reilinger et al., 2006] , in good agreement with our local measurement.
Arabia-Sinai-Nubia Relative Motion
[38] Besides the determination of the present-day slip rate along the southern section of the DST, the data presented here can also be used to further constrain relative motion between Arabia, Sinai, and Nubia. We derive Euler vectors of Arabia and Sinai in ITRF2000. Complemented by the most recent results published for Nubia, we compute all possible combinations of relative Euler vectors for the Arabia -Sinai pair and the Sinai -Nubia pair and we compare them with previous results. Relevance of the different Euler poles is discussed in the light of the slip rates predicted along the tectonic boundaries of Sinai, the DST, and the Gulf of Suez.
Rotation Parameters in ITRF2000
[39] Arabia plate rotation parameters have been determined and discussed in section 3.1 (Figure 4 and Table 4 ). In the following, we consider both Euler vectors determined in this study and by Vigny et al. [2006] . Although it is less constrained, we also take into account the result of Sella et al. [2002] . Having no new data for Nubia, we use Euler vectors previously published in the literature. Consistency between most recent solutions by Vigny et al. [2006] and Fernandes et al. [2003] , despite the use of different data sets, indicates that the motion of Africa is quite well constrained today. In the following we choose to use the solution of Vigny et al. [2006] .
[40] To determine the rotation parameters for the Sinai subplate, the only data available are located in Israel. Because of the vicinity of the DST, only sites BOR0, LHAV, RAMO, and TELA ( Figure 5 ) can be considered to belong to stable Sinai. In section 3.2 we argue that the motion along the Carmel fault is negligible. Thus, we include sites BSHM and KABR in stable Sinai, and we minimize residues for this set of six stations (BOR0 and RAMO being very close to each other). We obtain the following Euler vector for Sinai subplate in ITRF2000: N53.52, E359.09 and W = 0.477 ± 0.15°/Ma (Table 4) . Uncertainties associated to this result are quite high (for comparison, see Table 4 ), while misfit on each vector is very small (Figure 7) , meaning that the movement of the block is well defined, while the determination of the rotation parameters remains inaccurate. This can be explained by the large distance between Sinai and its pole of rotation, the small size of the Sinai block and the ill-defined geometry of the GPS stations, aligned in a north-south direction, which leads to an observed velocity field in ITRF2000 that is almost uniform (similar north components and 2 mm/a increase of east components toward the south, Table 3 ).
[41] It is worth noting that despite the use of a comparable data set, our result differs significantly from the one of Wdowinski et al. [2004] . Although uncertainties are in the same range and angular velocities are within error bars, the poles of rotation hardly overlap. In Sinai, their velocities and the velocities presented here agree within 0.5 mm/a for most sites and at most 1 mm/a (RMS between both sets of results is 0.6 mm/a), which is less than the uncertainty related both to the measurements and to the realizations of the ITRF. Comparing to the results from SOPAC, the misfit of our velocity field and of the one of Wdowinski et al. [2004] is 0.5 and 0.4 mm/a, respectively. Because the sites are located very close to each other, the small differences in both velocity fields could explain such large variation in the Euler vectors. We see no strong argument to favor one pole rather than the other. We emphasize that this discrepancy rather highlights the inaccuracy of any determination of an Euler vector for Sinai in ITRF, first, due to the small size of the block and to its movement in ITRF (pole located at a large distance), as explained in the previous paragraph, and second, due to its sensitivity to slight differences (even smaller than the uncertainties) in the velocity field.
Relative Plate Motions
[42] Euler vectors of Arabia relative to Sinai and of Sinai relative to Nubia are reported in Table 4 . They result from the combination of the Euler vectors in ITRF2000 discussed above. When possible, uncertainties have been calculated by adding variance-covariance matrices associated to determination of the two poles in ITRF2000.
Arabia-Sinai
[43] Combination of available poles of rotation in ITRF2000 for Arabia and Sinai leads to a large set of possible poles and their associated angular velocities, some of them characterized by large uncertainties (Table 4 and Figure 8 ). As discussed in the following, large amplitudes of uncertainties for the relative poles can be explained first by the trade-off between the pole position and the angular velocity and second by the subtraction of Euler vectors that are very similar in direction and length, including the ITRF2000 Sinai pole characterized by notably large error bars.
[44] We illustrate on Figure 8 the domain of possible positions for Euler poles of Arabia relative to Sinai and associated values of angular velocities, at the 95% and 99% confidence level consistent with our data. The domain has the shape of two bananas, elongated along the great circle that passes by the area of observed velocities, materialized by a black dotted line on Figure 8 . Within the domains, the absolute value of angular velocity W decreases when the distance from the pole to the Arabia plate increases, illustrating poorly defined rotation of Arabia relative to Sinai, characterized by an important trade-off between the distance from the pole to the plate boundary and the angular velocity. This is largely due to slow rotation along a short, almost straight, plate boundary and the relatively small size of Arabia plate.
[45] The W-negative domain (clockwise rotation), however, is not consistent with the long-term morphology of southern DST, described by Garfunkel et al. [1981] as en echelon small circles with a curvature toward the west. This questions the relevance of half of the 2-sigma solution envelope proposed here, including the best fit solution. This discrepancy could be explained by a recent change in the relative motion between Arabia and Sinai, which can hardly be confirmed or invalidated by other observations. Almost all Arabia-Sinai rotation poles derived from solutions already published in the literature (Table 4 and Figure 8 ) lie within the domain of our solution, if not, very close.
[46] As mentioned above, varying uncertainties of the Arabia-Sinai Euler poles presented here (Figure 8 and Table 4 ) is also related to subtraction of ITRF Euler vectors that have similar direction and length. This can be illustrated by the example of pole 1, affected by large uncertainties, and of pole 8 that has limited uncertainty. Pole 1 is obtained from poles 16 and 19 (Figure 8 and Table 4 ) that are located close to each other and which angular velocities are almost equal. By contrast, pole 8 involves poles 18 and 20, located farther from each other and which angular velocities differ significantly.
[47] For each combination, fault-perpendicular and faultparallel components of slip are predicted along the different segments of the DST, from Wadi Araba fault to Missyaf fault in Syria (Table 5a) . A selected set of predicted velocities is shown on Figure 9 , together with vectors predicted by the Arabia-Nubia Euler pole neglecting the motion across the Gulf of Suez. In Lebanon, compression and left-lateral slip are calculated, considering the Yammouneh fault as the only active branch of DST. Slip in Lebanon and in Syria is overestimated by at most 1 mm/a because internal deformation of the Sinai plate at the Carmel fault and in the Lower Galilee extension zone (see section 3.2) and deformation of the Arabia plate in the Palmyrides folds [Chaimov et al., 1990] are not considered.
[48] Most of the Arabia-Sinai relative Euler vectors predict reasonable slip along the DST on its entire length (Table 5a and Figure 9 ). Exceptions are vectors involving Arabia rotation parameters of Sella et al. [2002] (updated to ITRF2000) (poles 7 and 8 in Tables 4 and 5a) that predict 1 to 2 mm/a of left-lateral slip along the DST, which is significantly slower than the result of any other study (see section 4). This inconsistency suggests that these poles should be excluded and that more recent solutions for Figure 8 . Possible domains for the location of the Euler pole of Arabia relative to Sinai from our study, at the 95% (dashed contour) and 99% (solid contour) confidence level. Because of symmetry effects on Earth, we explore only the half sphere centered on Arabia plate. Gray scale color bar represents the value of angular velocity W (W > 0 for counterclockwise rotation). Other Arabia-Sinai poles are located and numbered as referenced in Table 4 (see Table 4 for value of W for these poles). Black arrows show Arabia velocity field relative to Sinai; only one vector is shown in Yemen (averaging the four stations). We also represent poles positions in ITRF2000 and for Sinai-Nubia and Arabia-Nubia relative motion (Table 4) .
Arabia should be used instead of the one of Sella et al. [2002] . As discussed in section 3.1, their Euler vector for Arabia is based on a small data set with poor distribution on the plate. The other relative Euler vectors are valid as they predict pure left-lateral slip along the Wadi Araba fault that is in very good agreement with our direct measurements and with previous geomorphology-based slip rates [Ginat et al., 1998; Klinger et al., 2000a; Niemi et al., 2001] .
[49] In Lebanon, left-lateral slip is in agreement with GPS results from Gomez et al. [2007] and is within the lower half of the geological slip rates from Daëron et al. [2004] and Gomez et al. [2003] . The compressive component of the predicted motion is in the order of 1-3 mm/a estimate by Elias [2006] , based on geological observations.
[50] North of Lebanon, predictions on Missyaf fault, even overestimated, are slower than the slip rate inferred by Meghraoui et al. [2003] , that we suspect to be biased by the earthquake cycle. Along this segment, however, different Euler vectors predict interesting slight differences concerning the fault perpendicular velocity. Discarding results involving Arabia of Sella et al. [2002] , some poles predict $1 mm/a extension and others predict $1 mm/a compression (Table 5a and Figure 9 ). The morphology of the fault in Syria (straight fault and wide pull-apart basin) shows that strike slip is dominant and that extension is more likely to occur than compression.
[51] We emphasize that even if the motion across the Gulf of Suez is small, Arabia-Sinai relative Euler vectors describe the kinematics along the DST much better than the ArabiaNubia poles, which overestimate strike-slip along the DST and involve significant fault-perpendicular compression in Syria [e.g., McClusky et al., 2003] (Figure 9 ), which one could not recognize in the geomorphology. Hence, geodetic observations provide clear confirmation for the existence of a Sinai subplate.
[52] To summarize, our compilation of newly computed and previously published Arabia-Sinai Euler vectors show a large variety of positions for poles and of angular velocities, the uncertainty associated to some of these poles being large. To ensure the relevance of all poles, we calculated the slip rate that they predict on the DST. This allowed us to reject the solutions involving the Euler vector of Sella et al. [2002] for the Arabia plate in ITRF. All the other poles, however, are valid. We do not favor any specific solution. Rather we point out that the possibility of so many different, but relevant, poles can be explained by the geometry of the plate boundary, which is a relatively short and straight transform fault, accommodating slow relative movement between the two blocks. In addition, the relative Euler vectors discussed here involve the rigid rotation of the Sinai block that is very inaccurate itself. Eventually, this leads to an important trade-off between the angular velocity and the distance from the pole to the Arabian plate.
Sinai-Nubia
[53] Following the same procedure as above we compute the different possible Euler vectors for the motion of Sinai relative to Nubia. At four locations along the Gulf of Suez we calculate velocity predicted by each pole, along strike and perpendicular to the orientation of the gulf and also perpendicular to en echelon right-lateral faults suggested by Courtillot et al. [1987] (Table 5b and Figure 9 ). Sinai-Nubia relative Euler vectors involving our result, the one of Wdowinski et al. [2004] and the one of Vigny et al. [2006] (poles 10, 11, and 12 in Table 4 ) show a general agreement on pole location in northern Egypt (Figure 8 ). They predict 1 to 2.5 mm/a of extension at the southern tip of the gulf, decreasing to the NW, associated with a slight left-lateral component (0-1 mm/a). When considering the right-lateral faults suggested by Courtillot et al. [1987] , only the pole 10 predicts slight right-lateral slip. Given the uncertainty, the sense of fault-parallel motion could be slightly left-lateral as well as right-lateral. By contrast, the pole of Reilinger et al. [2006] is located significantly more to the southwest, in Guinea, and the angular velocity is much smaller (Table 4 and Figure 8 ). Their solution predicts left-lateral slip of $2 mm/a and extension of <1 mm/a (Table 5b and Figure 9 ), which are, however, not significantly different from the other results, given the error bars.
[54] A direct geometric calculation can be made to constrain the kinematics of the Gulf of Suez, without incorporating indirect data derived from the ITRF2000 Sinai pole, by subtracting the slip along the DST according to this study from the Arabia-Nubia relative motion. We consider Arabia-Nubia Euler vector determined from this study and from Vigny et al. [2006] (N31.59, E23.25, W = 0.336°/Ma). The residual motion accommodated across the Gulf of Suez is then 1.6 mm/a of right-lateral slip and 1 mm/ a of extension at the southern tip of the gulf. This result is intermediate between the solution of Reilinger et al. [2006] and the other solutions. [55] A few studies attempted to quantify the motion across the Gulf of Suez. Opening is estimated to be $1 mm/a at the southern tip of the gulf [Garfunkel and Bartov, 1977; Bosworth and Taviani, 1996] . Left-lateral component is reported from fault plane solutions [Courtillot et al., 1987; Salamon et al., 2003] , and its amplitude has been tentatively estimated only by Rybakov et al. [1997] on the basis of a possible 80 km offset of a crustal magnetic anomaly observed in the basement. In contrast, Tapponnier and Armijo [1985] argue for right-lateral motion based on probably still active E-W thrusts and folds branching at the northwestern tip of the gulf and N-S normal fault in western Sinai (features mapped on Figure 9 ). Recent GPS studies [Mahmoud et al., 2005; Reilinger et al., 2006; Riguzzi et al., 2006] , although on the basis of a similar data set, do not agree with this interpretation. Both Mahmoud et al. [2005] and Reilinger et al. [2006] adjust local and regional data with an elastic block model and obtain 1-1.5 mm/a of extension and 2 mm/a of left-lateral slip. Riguzzi et al. [2006] instead suggest a compressive stress field that they interpret as postseismic relaxation related to 1995 Gulf of Aqaba earthquake (see section 3.3), its aftershocks and a few other earthquakes of magnitude 4 to 6 that occurred in the Gulf of Aqaba and in the Gulf of Suez. These differences in interpretation might be partly due to the fact that the velocities that they determine are in the order of the error ellipses ($1 mm/a). As mentioned by Mahmoud et al. [2005] , the motion that they obtain across the Gulf of Suez is essentially controlled by data located on stable Sinai and Nubia. Velocities derived from all the Sinai-Nubia Euler vectors are in good agreement with geological and GPS observations but do not contribute to resolving the sense of lateral movement across the Gulf of Suez.
Arabia-Nubia
[56] From the new data set we have presented here, we could not directly measure the relative motion between Arabia and Nubia. We could, however, determine the Euler vector of Arabia in ITRF2000 and combine it with existing poles for Nubia, determined by other studies, to see how it compares when looking at the relative motion between Arabia and Nubia. Following Calais et al. [2003] , Vigny et al. [2006] have proposed a slow down of the Arabia plate relative to Nubia, Somalia, and Eurasia, on the basis of a 15-20% decrease of velocities predicted by their model compared to velocities since 3.2 Ma from models such as NUVEL-1A [DeMets et al., 1990 [DeMets et al., , 1994 and the study of Chu and Gordon [1998] . As mentioned by Vigny et al. [2006] , such a decrease remains tenuous, being in the order, or slightly higher, than the error bars. We argue that Arabia Euler vector in ITRF2000 determined in this study is an improvement compared to the solution proposed by Vigny et al. [2006] , due to better data geometry. When this new pole is combined with their poles for Nubia, Somalia and Eurasia, predicted velocities show high consistency with their results, reinforcing the assumption that relative velocity of Arabia has been slowing down recently.
Conclusions
[57] On the basis of new campaign GPS data in Israel and Jordan, we image the present-day deformation across the southern segment of the Dead Sea Transform, the Wadi Araba fault. The horizontal velocity field relative to stable Arabia is well determined and shows pure left-lateral motion on the fault. Elastic locked fault modeling of 17 fault-parallel velocities distributed along profiles perpendicular to the fault provides a best fit slip rate of 4.9 ± 1.4 mm/a, well constrained by far field sites located up to 70 km west of the fault and 90 km east of it. The best fit locking depth is about 12 km, which is consistent with nucleation depth of earthquakes on continental strike-slip faults [Magistrale, 2002] and with other dislocation models on the DST and other strike-slip faults [e.g., Wdowinski et al., 2004; Socquet et al., 2006; Gomez et al., 2007] . Despite the fact that most of the fault-parallel velocities presented here are based only on two campaigns and are thus very sensitive to measurements issues, the consistency between the 17 independent vectors and their close agreement with the velocity field predicted by a locked fault model gives us confidence in our measurements and their final interpretation. Further measurements in the future would, however, usefully complement this data set.
[58] Several recent studies based on geodesy converge to a value around 5 mm/a of left-lateral slip on the southern part of the DST and in Lebanon, also in agreement with slip rates derived from geological observations, averaging longer periods of time. The slight discrepancy between geodetic and time-averaged rates that is observed in Lebanon and Syria might account for local modulation of the deformation by the seismic cycle.
[59] We also used our data, complemented by previous work of Vigny et al. [2006] , to study the regional kinematics of Arabia, Nubia, and Sinai. We provide a new Euler vector for Arabia plate in ITRF2000 reference frame (N52.53, E349.36, W = 0.479°/Ma) based on a better data distribution. This result is in agreement with the idea of a slowdown of the collision of Arabia and Nubia into Eurasia suggested by Calais et al. [2003] and Vigny et al. [2006] .
[60] We provide a new Euler vector of the Sinai subplate in ITRF2000 and relative Arabia-Sinai and Sinai-Nubia Euler vectors. We discuss the difficulties of the determination of such poles, because of the small size of Arabia and Sinai, the slow motion across the Gulf of Suez and the large trade-off between the location of Arabia-Sinai pole and its angular velocity. Even with an optimized distribution of data on the Sinai block, it might still be difficult to achieve a better picture of the regional kinematics. However, in spite of large uncertainties, Arabia-Sinai relative motion describes the kinematics along the DST better than Arabia-Nubia Euler vectors, supporting the existence of a Sinai subplate.
[61] Reconstruction of relative plate motions is useful for improved estimation of the deformation at the plate boundaries. Present-day motion on the DST is surveyed directly by GPS networks in Israel and Jordan and in Lebanon. On the northern DST, intraplate deformation prevents from determining the slip rate accurately on the basis of relative Euler vector alone. In addition, one could argue whether the Levant coast north of Lebanon, squeezed between the Mount Lebanon Thrust and the junction of the East Anatolian fault system with the Cyprian Arc (Figure 1 ), behaves as part of stable Sinai. Direct measurement from GPS profiles set up in ITRF2000 would resolve this question and the slip rate issue. Possible improvements of slip rate estimates across the Gulf of Suez would possibly include continuous GPS monitoring. Accurate knowledge of deformation taken at the DST and Gulf of Suez from direct measurement could then help better determination of the motion of Sinai relative to the surrounding plates and further study of the western extent of the Sinai subplate. Velocities have been calculated (1) along and perpendicular to the strike of the gulf, N34W and (2) on the right-lateral faults proposed by Courtillot et al. [1987] , azimuth N50W.
